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MIMIMUM REQUIRED SIGNAL FOR LIMARS EXPERIMENTS

FOREWORD

This report was prepared by Lawrence E. Myers, Electro-Optics Engineer, Technology / Scien-

tific Services Inc. This work was supported by the US Air Force, Wright Research and Develop-

ment Center, Avionics Laboratory under contract #F33601-89-D-J002 as part of the Laser

Imaging and Ranging System (LIMARS) project. This document was originally presented as an

In-House Technical Briefing; the author wishes to thank the people from WRDC/AARI-2 and

T/SSI who reviewed this briefing and provided useful feedback. The author wishes to acknowl-

edge Dr. Ed Champagne of WRDC/CA-E who contributed to this work by reviewing the manu- -

script and offering helpful comments. ; .o I /,, S g
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This report determines the minimum detecta\{lé signal reqv’nired to perform the LIMAR Sexperj-
ment. LIMARS is a direct detection laser radir using a nével receiver scheme to produze a
pixel-registered range image without scanning This work was motivated by the need to size fhe
transmitter laser which, for this experimental system, is 4 Nd: YAG laser operating at 1.06jts.
The laser must produce at least the minimum detectable power at the detector for the experimen-
tal conditions. The minimum detectable power i§ that power which just exceeds the noise for
given probabilities of detection and false alarm. 1 included contributions of noise from scene
emission, scene reflection, and internal sources, and I considered experiments in the Bldg 620
Tower and the Bldg 622 Collimator. For the Tower experiment, in the worst case of reflected
sunlight there are 410 rms noise electrons per pxxel In the Collimator experiment, internal noise
of 100 rms noise electrons per pixel dominates.” 7 A - 7 r.

\

-

\

" Iwrote a computer program to plot the probability of detection as a function of signal electrons
for given probability of false alarm and number of noise electrons using Poisson statistics.
Speckle was not included in this program.] verified the output by comparison with other pub-
lished results and with a Gaussian approximation. I used the program to calculate the number of
signal electrons needed in the two experimental cases for 90% probability of detection and 0.1%
probability of false alarm. The Tower expefiment requires 1800 received signal electrons per
pixel, or 1.7 x 107"} per pixel at 1.06pum with a 2% detector quantum efficiency. The Collimator
experiment requires 440 received signal elettrons per pixel, or 4.1 x 107"°J per pixel. These val-
ues for minimum detectable energy at the detector can then be used in the laser radar range equa-
tion to determine the output required frogy{ the transmitter laser.
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